A pristine surface of Fe 0 exposed to air or an oxygen-including atmosphere will be oxidized instantly by a process normally called initial oxidation. This initial oxidation will lead to an instant formation of an oxide layer on the metal surface. Nanometer-sized iron particles exposed to oxygen-including environments show no exclusion from this rule. This leads to the Fe nanoparticles being covered by a thin layer of oxide to form core-shell structured Fe nanoparticles. The typical thickness of this oxide layer is ~ 2-3 nm [1] . In the Cabrera and Mott model of initial oxidation (or later variations) the further layer growth is inhibited when electrons cannot tunnel through the oxide [2] . In this paper, we report our observation of continued thickening of the native oxide layer on a Fe nanoparticle as a result of electron-beam bombardment of the particle in a transmission electron microscope (TEM). Estimates of the temperature increases due to the electronbeam bombardment of the specimen fall within the range of ~ 8 K. Thus, the effect of temperature increase on the continued oxidation is thought to be negligible. Instead, it is proposed that, in accordance with the Cabrera-Mott initial oxidation theory, the thickening of this oxide layer is attributed to the build up of charge on the oxide layer due to a high secondary electron emission by the surface oxide layer. The build up of charge in this layer alters the ability of electrons and ions to migrate through the film and enables the oxidation process to continue. Since iron metal is readily oxidized at typical microscope vacuum conditions, the effect of the charge buildup is to allow oxidation by altering charge transport through the otherwise oxide layer.
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An important prediction of the Cabrera-Mott theory is that if there is a way to re-establish the electrical field between the metal and the oxide layer, then the oxide film will be thicker than that normally observable following room temperature passivation of the metal surface. In a recent book, Fromm [3] suggested an experiment in which an electron-beam bombardment of the oxide surface would lead to a condition such that a high oxide rate will be maintained and a thicker oxide layer will be formed. This is exactly what we have observed and reported in this paper.
The Fe nanoparticles used in this study were prepared using gas phase vaporization methods and the particles were subsequently exposed to an oxidizing environment to make an iron core-oxide shell structure. The core-shell structured Fe-iron oxide nanoparticles were analyzed using high resolution transmission electron microscopy (HRTEM) imaging, electron-energy-loss spectroscopy (EELS), and selected-area electron diffraction (SAED) combined with computer simulation. Fig. 1 shows a particle with a lateral dimension of ~ 25 nm. Initially, this particle has an oxide layer of ~ 2.38 nm in thickness. After 2 hours of electron-beam bombardment, the thickness of the oxide layer increased to ~ 6 nm (an increase of 3.62 nm), and correspondingly, the dimension of the Fe core decreased by 0.88 nm. The oxide layer is dominated by the The increases in thickness for the in-situ grown oxide layer are out of proportion with the decreases in the dimension of the Fe core. Based on mass conservation and supposing the phase of the oxide formed is Fe 3 O 4 having cubic morphology, the decrease of the Fe core dimension, ΔFe, and the corresponding increase of the oxide layer, ΔFe 3 O 4 , should satisfy ΔFe 3 O 4 = 1.28 ΔFe following the 3Fe + 2O 2 ↔ Fe 3 O 4 reaction. Our observations show that the increase of the shell thickness is almost twice that predicted by this simple calculation. This discrepancy is at least partially related to the formation of voids at the interface between the metal and the oxide [1] .
